Abstract-To reduce the equalizer training time with robustness to the timing phase error in fixed wireless channels, we propose a fractionally-spaced modified DFE (FS-MDFE) scheme. The proposed FS-MDFE is an extension of the previously proposed symbol-spaced modified DFE (SS-MDFE) 111. The performance of the FS-MDFE is analytically evaluated in terms of the mean squared error. The optimum MMSE solution is derived for initialization of the feedforward fdter of the MDFE. We also propose a simplified initialization method to reduce the implementation complexity.
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The structure of the FS-MDFE is illustrated in Fig. 2 . The FS-CDFE has a fractionally-spaced FFF and a symbol-spaced FBF, but the FS-MDFE has a fractionally-spaced FFF and FBF. Although the FS-CDFE and FS-MDFE have different extemal appearance, their intemal structures and analytical performances are the same [SI.
Note that, if B L K , +(K, +F-1)-A , the FS-MDFE can be implemented using (16) 
The optimum coefficient of the FFF can be found in the MMSE sense using the orthogondity principle that the optimal error is uncorrelated with the observed data, i.e., 
The MMSE J,, of the FS-MDFE is given by
Note that the optimum FS-MDFE minimizes the MSE by canceling all the postcursor IS1 (assuming no decision error) and then " i z i n g the precursor IS1 and filtered noise variance.
IV. FAST INITIALIZATION
Once the impulse response h, of the channel is estimated using an appropriate preamble, the coefficient of the FFF and FBF can be initialized using the MMSE solution of the FS-MDFE from (1 8) and (20). However, this MMSE initialization may require large implementation complexity as the span F of the FFF increases. We consider an initialization method for the FFF of the FS-MDFE to reduce the implementation complexity.
As a simple method, only the main tap coefficient of the FFF can be first initialized as
The one-tap initialization is feasible when the precursor IS1 term is small and short. This corresponds to the most of minimum phase condition. However, when the channel is in n o n -" m phase condition, the one-tap initialization may not accomplish fast start-up.
To avoid this problem, we propose a partial MMSE (PMMSE) initialization method.
The PMMSE initialization is an approximate version of the MMSE initialization (20) . A small number of coefficients of the H , ( x : y ) denotes a submatrix of H, comprising the elements from the x -th to the y -th row of H, and w'(x: y ) denotes a subvector of W* comprising the elements from the x -th to the y -th element of w.. That is, the r number of rows from the main tap row (i.e., the (A -K, + l)L -th row) of H, are selected for Hpm, and the r number of elements from the main tap element of w' are selected for G'. The value of r should be larger than the delay spread of the main path enough to eliminate the main IS1 term from each muhipath. For example, when the delay spread of the channel is about 2T long, r should be larger than 2L . Note that the matrix invmion of size (FL x FL) is reduced to the one of size ( r x r ) , significantly reducing the computational complexity.
Once the major coefficients of the FFF are initialized, all the coefficients of the FS-MDFE are trained using an LMS adaptation method, Note that the LMS adaptation algorithm for the FFF is similar to that of the FS-CDFE, whereas the algorithm for the FBF is quite different, requiring increased computational complexity.
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V. PERFORMANCE EVALUATION
The performance of the proposed FS-MDFE is evaluated by computer simulation when high-level QAM signals are transmitted in a burst mode over fvted wireless channels with frequency selective fading. We consider transmission of the QAM signal using the time division multiple access with frequency division duplex ( T D W FDD), where the M e has a duration of 6 ms, comprising 8 time slots. The QAM signal is modulated at a symbol rate of 1.6 Mbauds with a modulation level of up to 256. Each time slot contains 1200 symbols including the 120-symbol preamble. Both the transmit and receive filters use a square root raised cosine filter with roll-off factor 0.25. We assume that the sampling rate is 2/T , F = 8 , B = 8 and T,=3.
The computer simulation is performed under fixed wireless channel conditions that have the line of sight (LOS) and multipaths.
The fading model is approximated as a product of the two Ricean random gains of the fast and slow fading gains [9] . The slow fading is modeled as a Ricean random variable and fast fading is modeled as a Ricean or Rayleigh. The resulting 3-ray channel model has the form of a tapped delay line (TDL) with gain and delay summarized in Tablel, where al, a2 and a3 are the average energy of each path with a Doppler frequency of 0.4 Hz.
We consider the three channels to represent the minimum phase, nearly non-minimum phase and non-minimum phase condition. Fig.   3 depicts the absolute value of the overall impulse response, including the transmit filter, physical channel and receive filter. We assume that the channel is "quasi-stationary," ix., the channel characteristics are unchanged during a slot interval. In a fixed wireless channel, the symbol-spaced equalizer may not properly work since each multipath is not separated regularly by an integer multiple of the symbol period T . If the timing phase of each path (i.e. timing phase when each path gain has the maximum value) is different, a small timing phase error can cause significant performance degradation in the symbol-spaced equalizer. We defme the output SNR by the ratio of the signal to decision error power, and the input SNR by the ratio of the signal to noise power after the receive filter. Fig. 4 depicts the performance of the FS-MDFE and SS-MDFE due to the symbol timing phase error, when the input SNR is 40 dB, and ideal symbol timing phase is based on the first path. It can be seen that the FS-MDFE provides performance robust to the symbol timing phase error and outperfom the SS-MDFE. Note that the performance degradation is not proportional to the symbol timing phase error. In order to evaluate the performance of the initialization methods, Fig. 5 Table 1 The characteristics of the channel.
(a) Channel A (b) Channel B (c) Channel C Fig. 3 Overall response of the sampled channels. Fig. 4 The output SNR due to the symbol timing phase error.
initialization by M m E , and the PMMSE initialization by PARTIAL, that first initializes only 4 tap coefficients ( r = 4) among 16 tap coefficients (F = 8) of the FFF. It can be seen that the one-tap initialization shows poor convergence behavior, but the PMMSE initialization is applicable to all the cases. Note that the PMMSE initiaiition can provide fast convergence and high SNR enough to receive 256-QAM signal.
The performance of the FS-CDFE and FS-MDFE is compared in terms of the training time. Fig. 6 depicts the MSE of the FS-CDFE and FS-MDFE, where the average signal power is 3 dB. The coefficients of the FFF and FBF of the FS-CDFE are trained using the LMS algorithm with all zero coefficients. Once the channel is estimated using the 48 symbols of the preamble, the coefficients of the FS-MDFE are initialized by the PMMSE initialization ( r = 4) before being trained by the LMS adaptation method. It can be seen that the FS-MDFE begins the coefficient training fiom the 4 9 4 symbol time due to the channel estimation, but it outperforms the FS-CDFE in view of the convergence speed and steady-state SNR. Note that the FS-CDFE cannot provide high SNR enough for reception of 256-QAM signal even at high input SNR (40 dB) when the channel has nearly non-minimum phase or non-mini" phase condition. Fig. 7 depicts the achievable SNR of the FS-CDFE and FS-MDFE with the analytic SNR bound of (21). As the input SNR increases, the output SNR of the FS-CDFE becomes saturated much 0-7803-7484-3/02/$17.00 02002 IEEE. earlier than the FS-MDFE. This implies that the FS-CDFE may not be appropriate for reception of high-level QAM signals in fixed wireless channels.
VI. CONCLUSION
In this paper, we have proposed a hctionally-spaced scheme as a generalization of the SS-MDFE. The MMSE solution of the proposed FS-MDFE has been analytically evaluated. Since the MMSE solution of the FFF of the FS-MDFE includes a matrix inversion requiring large computational complexity, a two-step training method has been proposed to reduce the complexity. A small number of main coefficients of the FFF are first initialized using a partial MMSE (PMMSE) initialization. Then, all the coefficients are trained using a conventional LMS adaptation method. The FBF of the FS-MDFE needs more computation than that of the FS-CDFE, because the FS-MDFE has a fixtionallyspaced FBF and its postcursor-precancelling structure requires the use of more complicated LMS tracking algorithm. At a small expense of additional computational complexity, the FS-MDFE can provide fast convergence and high SNR enough for reception of 256-QAM signal in fixed wireless channels. The FS-MDFE can provide performance robust under non-minimum channel condition due to the frequency selective fading.
